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Azerbaijan is a country with low forest cover, only 11.8% of the territory is covered with
forests. All forests perform important water-soil-protection functions. In forests, naturally
grow107 species of trees and 328 shrubs species. Despite the fact that there aremany species
in dendroflora, only 10 tree species have economic value for the forest sector of the country.
Beech (31.68%), oak (27.40%) and hornbeam (26.01%) are growing in 85.09% of forested areas.
Beech forests are spread on 327 thousand hectares from 989,5 of total forest lands of he
Republic. Beech forests are a source of high-quality wood and beech nuts. All beech forests
grow in mountains at heights of 600e800 and 1600e1800 m above the sea level and per-
forming important ecological functions. Until recently there were no problems with natural
renewal of the beech forests, but now the regeneration of beech forests is alarming. In recent
years, the productivity and density of beech forests decreased substantially, the natural
regeneration proceeds unsatisfactorily and, consequently, reduction of beech forests takes
place. We have researched 33,8 thousand hectares of beech forests of the Lesser Caucasus,
their natural regeneration and made analysis of age structure of forests.
© 2016 Production and hosting by Elsevier B.V. on behalf of Agricultural University of
Georgia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
National development strategy of forests of Azerbaijan pro-
vides for increase of the forest area by creation of silviculture
and activities for natural regeneration of valuable (main) tree
species. Annually in Azerbaijan produced silviculture on the
area of 2.5e3.0 thousand hectares and promotion for natural
regeneration on 7.0e7.5 thousand hectares. Every year 10
thousand hectares of young forest stands are transferred into
wooded area. Among transferred forest lands the natural
young plants 2.5e3.0 time exceeds the forest plantations
produced artificially [2,3]. The natural regeneration requires
less works, material, and financial resources. Secondly,(Z.M. Hasanov).
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http://dx.doi.org/10.1016/jnatural regeneration is more productive and resistant to
external environmental factors. Compared to artificial forests,
natural forests are easier to manage and easier to predict the
dynamics of their development [4,5]. For a successful natural
regeneration it is necessary the optimal growing conditions
and elimination of negative impact of external factors [6e8].Objectives and methods
In Azerbaijan the beech forests are spread on 327 thousand
hectares from 989.5 thousand hectares of total forest lands.
Beech forests occupy 32% of the total forest area of the Re-
public [9,10]. Beech forests are the source of high qualitywood,ce.
f Agricultural University of Georgia. This is an open access article
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sources, it is also used as a raw material to produce high-
quality vegetable oil and different technical purposes.
Growing up in the mountains, they perform important
ecological functions [11,12]. Increasing anthropogenic impact,
changing environmental conditions adversely affect the nat-
ural regeneration of beech forests. The absence or insufficient
natural regeneration contributes to replacement of beech
forests by secondary forest species such as hornbeam, maple
and so on, and as a result such changed beech plantations are
transformed to thickets, or to forest less areas. This ultimately
leads to reduction the area of beech forests, and can not
disturb the foresters and researchers.
The goal of this research was to study methods of sustain-
able beech forests management of Azerbaijan Republic. The
sustainable forest management firstly puts forward the need
for spatial-temporal analysis of the distribution of plants.
The spatial analysis involves the areas of forest stands, and
the temporary analysis of the age of trees in the specific area.
The answer to this question can be obtained according to the
analysis of the age structure of the plantations. Distribution of
stands by age classes reflects their spatial-temporal distribu-
tion. The age specific class reflects a temporary, and the area
of plantations in a particular class e their spatial distribution.
The sustainable forest management is the desire of foresters
to reach balanced distribution of stands by age classes. A
balanced distribution of stands by age classes can be achieved
by regulation of natural regeneration.Table 2 e Age classes and age stages of oriental beech forests,
Forest management unit Beech fo
I II III IV
Dashkesan e e 17
0,2
728
10,6
Kedabek 73
0,6
620
5,1
752
6,2
1820
15,0
Goygol (Goranboy & Shamkir) 24
0,4
77
1,3
531
9,0
1540
26,1
Qazax e 18
2,6
45
6,5
163
23,7
Tauz 106
1,3
389
4,8
211
2,6
1634
20,1
Total 203
0,6
1104
3,3
1556
4,6
5885
17,4
Age stages Young (8,5%) Mid
Table 1 e Oriental beech forests in Lesser Caucasus.
Forest management unit Total forest
area,
hectares
Including
beech forests
Hectares %
Dashkesan 20089 6953 34,6
Kedabek 18040 12133 67,3
Goygol
(Goranboy&Shamkir)
22551 5901 26,2
Qazax 3294 688 20,9
Tauz 20853 8128 39,0
Total 84827 33803 39,8
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eration, Annals of Agrarian Science (2016), http://dx.doi.org/10.1016/Done the analysis of age structure, examination and
evaluation of natural regeneration of beech forests of the
Lesser Caucasus. For this purpose, was used information
concerning forest inventory and forest fund registration from
five forestry enterprises in the Western part of Azerbaijan
with the total area of forests 84.800 ha, including 33.800 ha of
beech forests.
Considered beech forests were presented in 9 age classes
(IeIX, with the duration of each age class 20 years). Analysis of
age structure of forests carried out by using class methods of
forest management [15], for the estimation of natural regen-
eration was used the scale of Nesterov [16]. When assessing
the quality and quantity of natural regeneration were taken
into consideration such points as soil type, grass cover, slope,
aspect and height above sea level.
Registration and evaluation of natural regeneration of
Oriental beech were carried out on plot areas. Plots with size
0.25; 0.5 and 1.0 ha are covering at least 10% forest stands. On
each plot in the diagonal direction created 25 small additional
plots. Depending on the age of natural renewal the size of
every small plots are the following: under 5 years of natural
renewal 1e2 m2, at the age of 5e10 years 5e10 m2, more than
10 years 0,1e0,2 ha.Results and analysis
The progress of natural regeneration of forest depend on
many factors and requires certain conditions, such as:
 The first necessary condition for the success of natural
regeneration of forest is the onset of reproductive maturity
of the stand. Reproductive maturity occurs at the age at
which a plantation begin to give abundant harvest of seeds.
Reproductive maturity is the synonymous with renewal
ripeness.
 The success of natural regeneration determines the suffi-
ciency of the forests with high quality seeds. Seeds are the
initial reproductive material. A young generation of the
forest is growing from seeds. Provision forest lands by
seeds is one of the important conditions for natural
regeneration of forests [17];Lesser Caucasus.
rest area stages of age classes, ha/%
V VI VII VIII IX Total
3562
51,2
1288
18,5
633
9,1
480
6,9
245
3,5
6953
100
3554
29,3
4065
33,5
1225
10,1
12
0,1
12
0,1
12133
100
1835
31,1
1322
22,4
489
8,3
77
1,3
6
0,1
5901
100
244
35,5
136
19,8
56
8,1
17
2,5
9
1,3
688
100
3138
38,6
2528
31,1
106
1,3
8
0,1
8
0,1
8128
100
12333
36,5
9339
27,6
2509
7,4
594
1,8
280
0,8
33803
100
dle age (81,5) Mature and old (10,0%)
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anna l s o f a g r a r i a n s c i e n c e x x x ( 2 0 1 6 ) 1e5 3 Forests can produce high seed yield, but the biotic, abiotic
and anthropogenic factors able to make the seed crop is
insufficient for the resumption of the forest.
 The next step in determining the success of natural
regeneration is the condition of seed germination. FallenTable 3 e Degree of natural recovery of beech forests.
Indicator Age stages
Young Middle
age
Mature
and oldest
Total
Forest covered
area by age stages, ha/%
2863
8.5
27557
81.5
3383
10.0
33803
100
Degree of natural
regeneration
a 0,1e0,3 0,6e0,7 e
a The young trees themselves are squeezed as a result of natural
recovery or a natural recovery.
Fig. 1 e Distribution of age classes in beech for
Fig. 2 e Distribution of beech forests on a
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eration, Annals of Agrarian Science (2016), http://dx.doi.org/10.1016/jfrom trees, the seeds need to get in a good soil condition
suitable for germination, after which seeds give rise to a
new generation of forest. Falling on a thick layer of forest
litter or grass cover, their root system does not reach the
soil and tend to dry out and die. Fallen from trees, the
seeds must reach the soil surface in winter being under
the layer of leaves and snow, swell from the melting
snow and rain waters and in spring germinate after
occurrence of an optimal temperature regime. The next
determining factor is the availability of conditions for the
growth and development of self-sowings and under-
growth. After an abundant harvest of seeds under the
canopy of trees formed many thousands and even mil-
lions of self-seedings on a hectare. However, most of
them die the first year. In the first years of life in the
undergrowth, there is an intensive differentiation of the
young generation of the forest that leads to a natural
eradication.ests, Dashkesan Forest Management Unit.
ge classes. Gedabek Forest Farming.
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natural or artificial way for the resumption of beech forests
firstly requires an assessment of the status of natural
regeneration.
Given that beech forests of the region are of seed origin, the
duration of the age classes adopted in 20 years. Specific age
class combines plantings with the difference in age between
20 years and these forest stands with economic and repro-
ductive terms represent the same value. Reproductive matu-
rity of beech forest stands occur after V age class, and such
forest lands (VIeIX classes of age) are 37.6% of the total sur-
veyed beech plantations area (Tables 1,2). Only 40% repro-
ductive ripe beech plantations of the Republic had been
observed enough natural regeneration.
Analysis of the age structure and evaluation of natural
regeneration allows us to predict the future and to identify
ways of sustainable management of beech forests. BeechFig. 3 e Distribution of beech forests on
Fig. 4 e Distribution of beech forests on
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eration, Annals of Agrarian Science (2016), http://dx.doi.org/10.1016/forests of the Lesser Caucasus in the western regions of the
Republic on the area of 33,8 thousand hectares unevenly
distributed in 9 age classes (IeIX) (Table 2).
Age classes I, II, III and VII, VIII, IX represent less than 10%
of beech forests (8.5 and 10%, respectively).
The area of the first (I) and the ninth (IX) age class is less
than 1% of the total area of beech forests. Middle-aged beech
forests merges IV, V and VI classes of age and being dominant
occupied about 81.5% of the total area (33.8 thousand hect-
ares) of beech forests.
The absence of young stands is the result of insufficient
regeneration of beech forests by natural regeneration. Up to
70e80 years of the XX century in the beech forests was
conducted forest regeneration cuttings. These cuttings not
only provided a natural beech forest renewal, but also
exhausted mature stands. Therefore, ripe beech forest
stands now are only 10% from total beech forests. Theage classes. Goygol Forest Farming.
age classes. Qazax Forest Farming.
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stands (8,5%) in the structure of beech forests (age classes
IeIII), indicating the absence of natural regeneration over
the last 50e60 years (Table 3). The lack of resumption in-
dicates a sharp reduction the area of beech forests in the
future. Elimination of factors negatively influencing the
process of natural regeneration and the implementation of
the activities to promote natural regeneration is the primary
task in the beech forests of the region.
Analysis of the age structure in the Western region of
Azerbaijan showed that the distribution of beech forests by
age classes is subject to the law of normal distribution (Figs.
1e4). The only difference is that in the distribution area of
beech forests by age classes left or the right branch of the
distribution curve to some extent is compressed or stretched.
Excluding the offset to the left or right of the distribution
curves of beech forests, distribution closely approach to the
normal distribution curve. (“Bellcurve”).
Sustainable management of beech forests comes from a
uniform distribution of stands by age classes. A hypothetical
mathematical model of a uniform distribution of stands by
age classes could be represented by the formula:
Sn ¼
P
S
n
where: Sn e forested area of a specific age class, ha;
SS is the total wooded area (area of all age classes), ha;
p is the number of age classes (e.g. I, II, III,… VIII, IX, n ¼ 9).
The studied beech forests are critically distinguished by
unequal distribution by age classes. Forested area within
each age class ranges from 203 to 12333 ha (Table 2, age class
I and V.). Sustainable management of beech forests in the
region should be aimed at even distribution across the age
classes. In accordance with this, each age class must take
3500e4000 ha (33803: 9 z 3750). Given that the duration of
the age classes 20 years, and each of the age classes should
be represented on the 3500e4000 ha, annually in the
175e200 ha required the carrying out of reforestation works
through the promotion of natural regeneration or the estab-
lishment of artificial forests.Conclusion
Analysis of the age structure 33803 ha of the beech forests in
the lesser Caucasus showed that in composition of beech
forests are dominated middle-aged forest stands (81,5%).
The young (8.5%) and ripe (10,0%) forest stands are repre-
sented weakly. The low percentage of young stands in-
dicates the insufficient seed availability in beech forests.
Ripe beech forests (10%) are only 40% of the territory and are
provided with natural renewal. Uniform distribution of
stands by age classes are determining factor for sustainable
forest management. Based on this principle in each agePlease cite this article in press as: Z.M. Hasanov et al., Beech forests
eration, Annals of Agrarian Science (2016), http://dx.doi.org/10.1016/jclass (IeIX) of beech forests should be submitted 3.0e4.0
thousand ha forests. Balanced equal distribution by age
classes requires the annual forest restoration activities on
175e200 ha.
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